INTRODUCTION
Lichen phycobionts are known to undergo a series of morphological, physiological, and biochemical changes as a result of lichenization [1] [2] [3] . A number of modifications in the cell wall of lichen algae have also been described [4] . Using 'the phycobiont of Xanthoria parietina as a study organism, we have shown that concanavalin A bound to the cell wall of lichen algae cultured in vitro, but not to the same algae in the symbiotic form (freshly isolated from the lichen) [5] . We have also isolated a crude protein fraction from the lichen, a component(s) of which bound to the cell wall of cultured, but not freshly isolated algae. Binding was correlated to cytochemical features present only on the cell wall of cultured algae [6] . With the aid of a solid phase radioimmunoassay, we now show that there are also detectable antigenic differences, as well as similarities, between freshly isolated and cultured phycobionts from X. parietina.
* This publication is part of a Ph.D. thesis of P. Bubrick, to be submitted.
MATERIALS AND METHODS

Organisms and growth conditions
The lichen, X. parietina, was collected from local habitats. Before use in any experiment, healthy thallus fragments were washed with distilled water, and maintained on moist filter paper at 18°C and 500 ft.-c, illumination for 18-24h. Tlae preparation of freshly isolated phycobionts, and isolation and maintenance of phycobiont cultures have been previously described [6] .
Preparation of antigens and antisera, and immunization schedule
Whole cells of freshly isolated and cultured phycobionts, which were asynchronous, were used as immunogens. Antisera was raised in female, approx. 3-month-old "gelbsilber" rabbits [7] obtained from a local breeder (L~wenstein Farm, Yokneam, Israel) who is maintaining this strain as a closed colony.
Cells were washed with phosphate buffered saline (PBS:KHEPO4, 1.5 mM; Na2HPO 4, 3.0 mM; KC1, 2.7 mM; NaC1, 137.9 mM; pH 7.4) and gently fixed in PBS-buffered glutaraldehyde (0.01% v/v) for 30 min at room temperature (RT). The cells were then thoroughly washed with PBS and injected according to the schedule described in [8] . In brief, 10 6 cells in PBS (2ml) emulsified in complete Freund's adjuvant (2 ml) were used for the initial ID injections (dispersed over multiple sites); 10 6 cells in PBS (2ml) in incomplete Freund's adjuvant (2ml) were used for 4 subsequent booster injections at intervals of 3 weeks or longer. Bleedings from the marginal ear vein were taken at least 3 weeks after booster injections. From each rabbit a preimmunization bleeding (Pre-I) was secured, and serum was stored at -20°C until used.
Adsorption of antisera
Antisera, appropriately diluted with PBS containing sodium azide, were incubated with approx. 2 • 10 6 packed cells of the appropriate type for 1 h at RT with occasional stirring. Four successive such adsorptions were done, the last one being 1 h at RT and overnight at 4°C. Using the assay described below, adsorptions were found to be essentially complete.
Serum abbreviations
Antisera were abbreviated as follows: aFT, antiserum against freshly isolated algae; aFTads, aFT adsorbed with cultured algae; aCT, antiserum against cultured algae; aCTads, aCT adsorbed with freshly isolated algae.
Radioiodination of staphylococcal protein A
Staphylococcal protein A was purchased from Pharmacia Fine Chemicals (Uppsala, Sweden), carrier-free [12SI]Na from The Radiochemical Centre (Amersham, Bucks., U.K.), and Iodogen from Pierce (Rockford, IL, U.S.A.).
Protein A was iodinated with Iodogen according to the procedure described in [9] . A stock solution (1 mg/ml) of Iodogen was prepared in chloroform, of which 20 /~1 were dispensed into completely dry test tubes. Chloroform was evaporated by a stream of N 2 so that the Iodogen dried as a single spot. Protein A (50/~g in 100/zl PBS) was added to the tube followed by 1 mCi 12s~I (10 /~l). The reaction was allowed to proceed for 2 rain with occasional stirring. The reaction was stopped by transferring the solution into a clean test tube; free 125I was removed according to the procedure described in [10] . This procedure yielded 90-95% of the counts as TCA precipitable protein.
[lzsI]Protein A was suitably diluted with PBS, and stored in small aliquots at -70°C.
Assay of antisera
Antisera were assayed using a solid phase radioimmunoassay developed for this purpose. Algal cells representing all growth phases were covalently linked to flexible PVC Microtiter ~ plates (Dynatech Labs, Inc., Sussex, U.K.) as follows: wells were coated by incubation with BSA (5% w/v in PBS, 100 ~1) for lh at RT, and PBS washed (3 X ). In all washing cycles, the final wash was followed by an inversion of the plate to remove all excess liquid. Bound BSA was activated with PBS-buffered glutaraldehyde (2% v/v, 75 ~1) for 3-4 h at RT and washed with PBS (4 X ). Algal cells (10 4) in PBS (10720/~1) were added to each well and allowed to dry at 30°C. The wells were then washed with PBS (3X), and unreacted glutaraldehyde was blocked with glycine (1.0 M, 100 #1) for 1 h at RT. Wells were washed with PBS (3 x), coated by incubation with normal goat serum (5% v/v in PBS, 100/.tl) for 1 h at RT, and finally washed with PBS (3 X ).
Antiserum, appropriately diluted with PBS (50 ~1) was added to each well, incubated for l h at RT, aspirated, and washed with PBS (4X).
[~25I]ProteinA, diluted to 4-6. 10 4 cpm in PBS containing BSA (1% w/v), was added to each well; the incubation time and washings were repeated as described above. After the plates were dry, individual wells were cut out, placed in plastic tubes, and counted in an Autogamma Spectrometer (Packard Instruments Co., Inc., Downers Grove, IL, U.S.A.). Data were obtained in three independent experiments and with two different batches of adsorbed antisera. Since essentially similar results were obtained in all assays, results from only one experiment are presented (Table 1) .
7. Presentation of data
The averages of the counts obtained with the pre-immune bleedings from the same rabbits, equally diluted and adsorbed (where relevant) (representing non-specific "background" inherent to all RIAs), have been subtracted from the data presented in Table I . These values were 710-+ 42 cpm for pre-immune aFT tested on freshly isolated algae, and 540-+ 71 cpm for pre-immune aCT tested on cultured algae. Pre-immune cpm have not been subtracted from counts obtained with PBS replacing antiserum, which reflect nonspecific binding of [125i]protein A to plastic and to organisms. Statistical significance was determined using Student's t-test.
RESULTS AND DISCUSSION
To bypass the technical difficulty of inherently high background staining encountered with indirect immunofluorescence and immunoperoxidase assays (invariably due to the use of a second antibody; data not shown), we developed a solidphase radioimmunoassay for the study of the antigenic mosaic of lichen algae. The results presented here, as well as results from unpublished experiments, show that radioimmunoassay technology can be successfu!ly applied to the study of whole algal cells.
The data from a representative experiment is shown in Table 1 . The antisera aFT and aCT (directed against freshly isolated and cultured algae, respectively) reacted strongly with their homologous algal cells. By using cells from all growth phases in both immunizations as well as assays, cell cycle-dependent antigens, if present, were presented in homologous reactions. The higher reactivity of aFT to freshly isolated algae does not necessarily indicate a greater immunogenicity of this alga; it most probably reflects the response of an individual rabbit to this antigen.
Both antisera aFT and aCT significantly reacted with the heterologous algae; this crossreactivity could be removed by adsorption of antisera. These adsorption experiments also yielded further information. When aCT was adsorbed with 437 Table 1 Reactivity of antisera with freshly isolated and cultured phycobionts Serum freshly isolated algae, reactivity against cultured algae was considerably reduced, although still significant. On the other hand, adsorption of a aFT with cultured algae did not reduce activity to a comparable extent; the difference in reactivity between aFT and aFTads with homogous algae is significant at the P < 0.05 level. Our results show that there are both similarities, as well as differences, in the antigenic mosaic between freshly isolated and cultured phycobionts from the lichen X. parietina. From the data presented in Table 1 , it can be seen that there is at least one common immunogen shared between the two algal types. Results from the adsorption experiments indicate that the shared immunogen is detected at a much higher concentration on the cultured alga. These experiments also show that there is at least one immunogen unique to each algal type. The high reactivity of aFTads with its homologous alga, as opposed to the low reactivity of aCTads with its homologous alga, may reflect a vast difference in quantitative expression of the unique immunogen(s) on the two organisms. Alternatively, it may simply be the result of a higher immunogenicity of the unique antigen(s) on the freshly isolated alga. The possibility that the unique antigen(s) on cultured algae was not detected on freshly isolated algae because it was sheared off during isolation and processing, though unlikely, cannot be ruled out at this point.
Our previous studies [5, 6] described differences in the cell wall properties between symbiotic and cultured phycobionts from X. parietina, emphasizing unique wall macromolecules of the cultured symbiont. The present findings corroborate these reports; they further indicate the present of a unique immunogen(s) on the cultured algal cell wall. Moreover, they also give positive evidence for the presence of a unique immunogen(s) on the surface of the symbiotic alga. Since knowledge of surface molecules has provided basic information about recognition and initial interactions in other symbioses [11] [12] [13] , we feel that further elucidation of the surface molecules of lichen phycobionts may lead to a similar understanding of the initial interactions in the lichen symbiosis. The experimental approach developed here should prove useful in this undertaking.
